 updated in the Carbohydrate Active enZymes (CAZy) database (http://www.cazy.org) and "CAZypedia" (http://www. cazypedia.org). Each family contains proteins with similar amino acid sequences, and therefore, active-site structures. Hence, the enzymes in the same family are assumed to share a unique reaction mechanism. No GH families have been found to include both retaining and inverting enzymes except for GH97, which is reported below.
"Clan" is a group of families that are recognized by significant similarities in the tertiary structure together with conservation of the catalytic residues and the catalytic mechanism. For example, GH27, GH31, and GH36 have been classified into clan GH-D based on the commonality in their fold (TIM barrel fold; described later) and active-site structure. The families in the same Clan are assumed to have a common ancestral enzyme [Henrissat et al. Biochem. J. (1996) , which is the most commonly observed catalytic fold of GH enzymes. The canonical TIM barrel fold contains 8 parallel β-strands (β1-β8) surrounded by the 8 α-helices. The shape of the TIM barrel varies depending on the differences such as the length of β-sheet or position of α-helices. The TIM barrel of BtGH97a shows significant similarities with those of Clan GH-D (GH27, GH31, and GH36), the members of which share common features such as (1) similar TIM barrel fold, (2) functioning as retaining enzymes, and (3) location of acid/base and nucleophile residues at the C-terminal end of β6 and β4 ( Figure  1 ; left). BtGH97a exhibits the first 2 of the abovementioned features of clan GH-D, but the structure of its active site is quite different from that of the members of this clan. BtGH97a possesses a glutamate 532 (Glu532) residue that can act as an acid/base catalyst at the C-terminal end of β6. However, there is no aspartate (Asp) or Glu residue that can act as a nucleophile at the C-terminal end of β4.Alternatively, a water molecule forming hydrogen bonds with Glu439 and Glu508 is present at close proximity to the substrate (Figure 1; right) . [Henrissat et al. Biochem. J. (1996) The precise location of the substrate between the (general acid, Glu532; nucleophilic water; and general base, Glu439/ Glu508) at the active site of BtGH97a is a typical motif of inverting enzymes. Gloster et al. and Kitamura et al. analyzed the hydrolytic product of BtGH97a, by 1 H nuclear magnetic resonance (NMR) and high-pressure liquid chromatography (HPLC), and they concluded that BtGH97a hydrolyzed the α-glucosidic bond thorough the inverting mechanism. By site-directed mutagenesis, they also identified the catalytic general acid and general base residues of BtGH97a as Glu532 and Glu439/Glu508, respectively. However, the results could not explain the reaction of BtGH97b. Amino acid sequencing of GH97 enzymes revealed that unlike those present on BtGH97a, BtGH97b did not possess the critical residues corresponding to Glu439 and Glu508. However, BtGH97b possesses Asp415 that is conserved in approximately a half of the GH97 enzymes at the C-terminal end of β4. Analysis of the hydrolysis product of BtGH97b revealed that the hydrolysis takes place via the retaining mechanism. Thus, these findings indicated that the GH97 family includes both inverting and retaining enzymes.
In 2009 Biol. (2009) 392,1232] . The structure of BtGH97b is almost identical to that of BtGH97a. BtGH97b possesses the Glu residue (Glu470) at the C-terminal of β6 that can act as proton donor similar to BtGH97a and clan GH-D enzymes. Moreover, BtGH97b has Asp residue (Asp415) at the C-terminal end of β4. Sitedirected mutagenesis of Asp415 leads to the inactivation of the enzyme, and the recovery by an azide ion revealed that Asp415 is the nucleophile. The catalytic residues of BtGH97b are located at the C-terminal end of β6 and β4; therefore, BtGH97b shares the abovementioned features (1)-(3) with the clan GH-D enzyme.
Several members of the GH family with the inverting mechanism showed the general base at different positions while the position of general acid is highly conserved. GH8 enzymes are divided into at least 3 subfamilies, GH8a, GH8b, and GH8c, depending on the position of the general base [Adachi et al. J. Mol. Biol. (2004) 343, 785] . GH95 α-1,2fucosidase has a (α/α)6 barrel fold that is similar to clan GH-L enzyme (GH15 and GH65). Its catalytic general acid is located at the same position of clan GH-L while the general base is proposed to be an unusual residue, Asn [Nagae et al. J. Biol. Chem. (2007) 282, 18497] . The difference between the reaction mechanism of BtGH97a and BtGH97b can also be attributed to the mutation at the position of the general base (nucleophile) while the position of proton donor is highly conserved. It has been reported that clan GH-D enzymes diverged from a common evolutional origin. Okuyama et al. proposed that the retaining GH97 enzymes also evolved [Okuyama et al. J. Mol. Biol. (2009) et al. J. Biol. Chem. (2007) 282, 18497] from the same ancestor protein, and then inverting enzymes further branched-off with the change of active-site structure from (acid/base) -substrate -(nucleophile) to (general acid)substrate -nucleophilic water -(general base). The GH family did not include both types of enzymes before the discovery of enzyme belonging to the GH97 family; therefore, I assumed that retaining and inverting enzymes are not closely related. Existence of both inverting and retaining enzymes in a single family, GH97, revealed an unexpected close relationship between the enzymes with distinct reaction mechanisms.
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